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(57) [Abstract]

[Problem] To provide a method of fabricating a nitride

semiconductor element that provides a superior yield and

superior split-edge smoothness.

5 [Means for solving the problem] The present invention is

a method of fabricating a nitride semiconductor element

that splits a semiconductor wafer (100) having a nitride

semiconductor (102) formed on a substrate (101) . In

particular, the method is a nitride semiconductor element

10 fabrication method that comprises a step of forming a

groove section (103) in a substrate (101) on at least the

side of a first main surface and/or the side of a second

main surface of the semiconductor wafer (100) that

comprises the first and second main surfaces, a step of

15 forming a break line (104) in the groove section (103) by

means of laser radiation, and a step of separating the

semiconductor wafer along the break line (104)

.

[Claims]

[Claim 1] A method of fabricating a nitride semiconductor

20 element that splits a semiconductor wafer (100) having a

nitride semiconductor (102) formed on a substrate (101)

into nitride semiconductor elements (110) , characterized

by comprising a step of forming a groove section (103) in

a substrate (101) on at least the side of a first main

25 surface and/or the side of a second main surface of the

semiconductor wafer (100) that comprises the first and



second main surfaces, a step of forming a break line (104)

in the groove section (103) by means of laser radiation,

and a step of separating the semiconductor wafer along the

break line (104)

.

[Claim 2] The nitride semiconductor element fabrication

method according to claim 1 , wherein the first main surface

(121) is a nitride-semiconductor-deposition-layer side of

the semiconductor wafer (100) having a nitride

semiconductor formed on only one side of the substrate

(101) , and the second main surface (111) is a

substrate-exposure-surface side that lies opposite [the

first main surface (121)] via the semiconductor wafer.

[Claim 3] The nitride semiconductor element fabrication

method according to claim 1, wherein the break line is a

recess (104) formed in the bottom surface of the groove

section in the substrate (101) .

[Claim 4] The nitride semiconductor element fabrication

method according to claim 1, wherein the break line is an

affected section (204) formed within the substrate (201)

.

[Claim 5] The nitride semiconductor element fabrication

method according to claim 1, wherein the groove section

(103) is formed by means of at least one device selected

from a diamond scriber, a dicer, an etching device, and a

laser beam machine.

[Claim 6] The nitride semiconductor element fabrication

method according to claim 2, wherein the groove section



(403) is formed in the surface on the side of the first main

surface (421) , at which the substrate (401) is exposed

beforehand.

[Claim 7] The nitride semiconductor element fabrication

method according to claim 1 , wherein the width of the groove

section (103) is between 10 Urn and 35 pm and the depth of

the groove section (103) is between 3.7 pm and 100 pm.

[Detailed Description of the Invention]

[0001]

[Technical Field to which the Invention belongs]

The present invention relates to a method of

fabricating a light-emitting diode or a laser diode capable

of emitting ultraviolet to orange light in addition to a

group III-V semiconductor element that can be driven even

at high temperatures, and, more particularly, relates to

a fabrication method that splits a nitride semiconductor

element from a semiconductor wafer having a nitride

semiconductor laminated on a substrate.

[0002]

[Prior Art]

Nowadays, varieties of semiconductor elements that

utilize nitride semiconductors with a high-energy bandgap

(InxGaYAli- x-YN, 0^X, 0^Y, X+Y^l) are being developed. As

examples of devices using nitride semiconductors,

light-emitting diodes capable of emitting blue, green and

ultraviolet light respectively, and semiconductor lasers



capable of emitting blue-violet light, have been reported.

Further, a variety of semiconductor elements that are of

high mechanical strength and can be driven stably even at

high temperatures, and so forth, may be cited.

[0003] Normally, in the case of semiconductor wafers

laminated with semiconductor materials such as GaAs , GaP

,

and InGaAlAs, which are used as semiconductor elements such

as LED chips capable of emitting red, orange and yellow

light, and so forth, [semiconductor elements] are formed

by breaking the semiconductor elements from the

semiconductor wafer as chip shapes by means of a dicer,

diamond scriber, and so forth. A dicer is a device that

either fully cuts the semiconductor wafer by means of the

rotational movement of a disc with a diamond-edged blade,

or scores a groove (full cut) wider than the width of the

blade edge and then performs cutting by means of an external

force. On the other hand, a diamond scriber is a device

that draws extremely narrow lines (scribe lines) in the

form of cross cuts, for example, in the semiconductor wafer

by means of a needle that is likewise diamond-tipped, and

then performs cutting by means of an external force.

Crystals with a zinc blende structure such as GaP, GaAs,

and so forth, are cleaved in a ' 1 10 ' direction . Hence, this

property can be used to separate a semiconductor wafer of

GaAs, GaAlAs , GaP, or the like, into the desired shape

relatively easily

.



[0004] However, unlike a semiconductor element of GaAsP

,

GaP, InGaAlAs , or the like, which is formed on a

semiconductor substrate of GaP, GaAlAs or GaAs , in the case

of a semiconductor element employing a nitride

semiconductor, it is difficult to form a single crystal.

In order to obtain a single crystal film of a nitride

semiconductor of good crystallinity , formation on a

sapphire or spinel substrate takes place via a buffer by

using MOCVD, HDVPE , or the like. For this reason, a

semiconductor element such as an LED chip must be formed

by cutting and separating a nitride semiconductor layer

formed on a sapphire substrate or similar to the desired

size.

[0005] A nitride semiconductor that is deposited on

sapphire, spinel, or the like, has a heteroepitaxial

structure. The nitride semiconductor has a very irregular

lattice constant and a different thermal expansion

coefficient in comparison with a sapphire substrate or

similar. Further, the sapphire substrate has a

single-crystal structure such as a hexagonal crystal

structure and because of this property, possesses no

cleavage property. In addition, both the sapphire and

nitride semiconductor are extremely hard substances with

a Mohs hardness of about 9

.

[0006] Therefore, cutting by means of a diamond scriber

alone is difficult. Further, when a full cut is made by



means of a dicer, cracks and chipping readily occur in the

cut surfaces and hence a clean cut is not possible. In

addition, depending on the case, partial detachment of the

nitride semiconductor layer from the substrate sometimes

occurs

.

[0007] For this reason, as the method of splitting the

nitride semiconductor wafer into desired chips, a method

that makes combined usage of a diamond scriber and dicer,

and so forth, as described in Japanese Patent Application

Laid Open No. H8-274371 and so forth may be considered. As

a specific example, a process for fabricating a nitride

semiconductor element is shown in Figs. 5(A) to 5(D) . Fig.

5 (A) shows a semiconductor wafer 500 having a nitride

semiconductor 502 formed on a sapphire substrate 501. Fig*.

5 (B) shows a step of forming a groove section 503 by means

of a dicer (not shown) from the lower surface side of the

sapphire substrate 501 to a depth that does not reach the

nitride semiconductor 502. Fig. 5(C) shows a step of

forming scribe lines 504 in groove sections by means of a

diamond scriber . Fig . 5(D) shows a division step of

separating the semiconductor wafer 500 into chip shapes 510

after the scribing step. It is thus possible to achieve

relatively clean cuts without cracks and chipping

occurring in the cut surfaces.

[0008]

[Problems which the Invention is intended to solve]



However, when groove sections 503 that partially thin

the thickness of the semiconductor wafer 500 are formed

beforehand by means of a dicer or the like and when scribe

lines 504 are formed in the groove sections 503 by means

of a diamond scriber, the blade edge of the diamond scriber

must make contact with the bottom of the groove sections

503 .

[0009] That is, the blade edge of the diamond scriber is

normally larger than the width of the dicer disk. For this

reason, as per Fig. 6, the blade edge 601 of the diamond

scriber sometimes fails to reach the bottom surface of the

groove section 503 formed in the semiconductor wafer 500.

When the scriber is driven in this state, there is a

tendency whereby the desired scribe lines 703 are not

formed and distorted scribe lines 704 are formed in the flat

surface of the semiconductor wafer, as shown in Fig. 7. In

order to prevent this tendency, it is necessary to widen

the groove section 503 formed by means of a dicer so that

the blade edge of the diamond scriber makes contact with

the bottom of the groove section 503. When the groove

section 503 is widened, the number of semiconductor

elements yielded from the semiconductor wafer is reduced.

[0010] On the other hand, when the groove width is reduced,

the depth of the groove section 503 must be shallow so that

the blade edge makes contact with the bottom of the groove.

When the groove section 503 is shallow, the division

8



s

section of the semiconductor wafer is then thicker and

there is a tendency for accurate division of the

semiconductor wafer to be difficult. There is therefore

the problem that smaller nitride semiconductor elements

5 cannot be formed accurately.

[0011] Nowadays, at a time when the accurate formation of

smaller nitride semiconductor elements with favorable

mass-producibility is desirable, the abovementioned

cutting methods are unsatisfactory and there is a demand

10 for superior methods for fabricating nitride semiconductor

elements. If the semiconductor wafer can be separated

correctly into chip shapes without damaging the

crystallinity of the nitride semiconductor, the electrical

characteristics, and so forth, of the semiconductor

15 element can be improved. Moreover, productivity is also

improved because a multiplicity of semiconductor elements

can be obtained from a single semiconductor wafer.

[0012] Therefore, the present invention further reduces

the generation of cracks and chipping in the cut surfaces

20 when a nitride semiconductor wafer is split into smaller

chip shapes. Further, it is an object of the present

invention to provide a fabrication method capable of

forming nitride semiconductor elements of favorable

mass-producibility that are separated into the desired

25 size and shape with a high yield without damaging the

crystallinity of the nitride semiconductor.



[0013]

[Means for Resolving the Problem]

The present invention is a method of fabricating a

nitride semiconductor element that splits a semiconductor

wafer 100 having a nitride semiconductor 102 formed on a

'substrate 101 into nitride semiconductor elements 110. In

particular, the method is a nitride semiconductor element

fabrication method that comprises a step of forming a

groove section 103 in a substrate 101 on at least the side

of a first main surface and/or the side of a second main

surface of the semiconductor wafer 100 that comprises the

first and second main surfaces, a step of forming a break

line 104 in the groove section 103 by means of laser

radiation, and a step of separating the semiconductor wafer

along the break line 104.

[0014] In the nitride semiconductor element fabrication

method according to claim 2 of the present invention, the

first main surface 121 is a

nitride-semiconductor-deposition-layer side of the

semiconductor wafer 100 having a nitride semiconductor

formed on only one side of the substrate 101, and the second

main surface 111 is a substrate-exposure-surface side that

lies opposite [the first main surface 121] via the

semiconductor wafer

.

[0015] In the nitride semiconductor element fabrication

method according to claim 3 of the present invention, the

10



break line is a recess 104 formed in the bottom surface of

the groove section in the substrate 101.

[0016] In the nitride semiconductor element fabrication

method according to claim 4 of the present invention, the

5 break line is an affected section 204 formed within the

substrate 201

.

[0017] In the nitride semiconductor element fabrication

method according to claim 5 of the present invention, the

groove section 103 is formed by means of at least one device

10 selected from a diamond scriber, a dicer, an etching device,

and a laser beam machine.

[0018] In the nitride semiconductor element fabrication

method according to claim 6 of the present invention, the

groove section 403 is formed in the surface on the side of

15 the first main surface 421, at which the substrate 401 is

exposed beforehand. In the nitride semiconductor element

fabrication method according to claim 7 of the present

invention, the width of the groove section 103 is between

10 Urn and 35 pm and the depth of the groove section 103 is

2 0 between 3.7 pm and 100 urn.

[0019] [Embodiments of the Invention]

As a result of a variety of experiments, the present

inventors arrived at the present invention by discovering

that, when a nitride semiconductor element is fabricated,

25 it is possible to fabricate a nitride semiconductor element

with superior mass-producibility without damaging the

11



semiconductor characteristics by radiating a laser beam

onto a specified location on the semiconductor wafer.

[0020] The reason why the separated edges of the method of

the present invention are formed evenly along break lines

is not certain. However, internal stress is generated near

the groove section that accompanies the formation of the

groove and it is thought that this internal stress and the

break lines greatly relate to the shape of the cut edge.

[0021] That is, where a groove section that is scraped

mechanically by means of a dicer, diamond scriber, or the

like, is concerned, internal stress is generated during

formation of the groove section. More particularly, in the

step of forming a scribe line by means of a diamond scriber

along the bottom surface of a groove section, distortion

is also widely amplified beyond the bottom of the groove

section by the weight acting on the blade edge of the

scriber. As a result, it is thought that, when division

is performed by means of a diamond scriber following the

formation of the groove section, the edges are not formed

as desired due to the stress that is retained within the

semiconductor wafer, and the nitride semiconductor wafer

cannot be separated more accurately.

[0022] The present invention is not dependent on the

internal stress generated by a dicer and generates

localized stress that contributes to splitting by means of

a laser scriber. Hence, it is considered possible to



fabricate a nitride semiconductor element with clean

(smooth) edges and favorable mass-producibility . Further,

groove sections, which partially reduce the thickness of

the semiconductor wafer, are formed for the separation of

the nitride semiconductor elements . By forming break lines

that are narrower than the groove sections by means of laser

radiation, very thin break lines can be formed deeply at

the depth desired and nitride semiconductor elements with

favorable mass-producibility can be separated. An example

of the fabrication method according to the present

invention will be described below.

[0023] For the semiconductor wafer, a nitride

semiconductor layer with an LD (laser diode) constitution

is formed on a spinel substrate. More specifically,

laminated on the spinel substrate are a GaN buffer layer,

an n-type GaN contact layer, an n-type AlGaN cladding layer,

an n-type GaN light guide layer, an InGaN active layer,

which is a multiquantum well structure doped with Si and

in which the In composition is changed, a p-type AlGaN

capping layer, a p-type GaN light guide layer, a p-type

AlGaN cladding layer and p-type GaN contact layer. Groove

sections are formed vertically and horizontally in the

surface of the semiconductor wafer by wet etching the

spinel-substrate side of the semiconductor wafer. A CO2

laser beam is radiated onto the bottom surface of the groove

sections such that break lines are formed vertically and



horizontally along the groove sections as affected

sections within the spinel substrate. [The semiconductor

wafer] is separated up as nitride semiconductor elements

through the application of pressure by means of a roller

along the break lines. All the edges of the nitride

semiconductor elements thus separated are formed cleanly.

The apparatus and so forth used in the process of the

present invention will be described in detail hereinbelow.

[0024] (Nitride semiconductor wafers) The nitride

semiconductor wafers have a nitride semiconductor layer

formed on a substrate. For the substrate of the nitride

semiconductor, a variety of single crystals of sapphire,

spinel, silicon carbide, zinc oxide, gallium nitride , and

so forth, may be cited. However, in order to form a nitride

semiconductor layer of favorable crystallinity with good

mass-producibility , a sapphire substrate, spinel

substrate, or the like, is suitably used. The present

invention works especially effectively because the

sapphire substrate or similar has no cleavage property and

is extremely hard.

[0025] The nitride semiconductor ( InxGa yAli-x-YN , O^X, O^Y,

X+Y^l) can be formed in a variety of ways by means of MOCVD

,

HVPE, and so forth. The nitride semiconductor can be used

as a semiconductor element by forming a PN junction, PIN

junction, or MIS junction in the nitride semiconductor. A

variety of junctions such as a homo junction, hetero



junction, and double hetero junction can also be selected

for the structure of the semiconductor. Furthermore, the

semiconductor layer can also be a single quantum well

structure or a multiquantum well structure rendered as a

thin film permitting the generation of the quantum effect.

[0026] The nitride semiconductor has a relatively large

bandgap and is thermally resistant. Therefore, the nitride

semiconductor can be utilized as a variety of semiconductor

elements such as light-emitting elements including a

light-emitting diode that is capable of emitting light from

ultraviolet to red, and a short-wavelength laser that can

be used for a DVD or the like, as light-receiving elements

such as a light sensor, or a solar cell with a relatively

high electromotive force, or as heat-resistant

transistors

.

[0027] Although a variety of substrate thicknesses can be

selected depending on the processing accuracy and output

of the laser beam machine , when a large groove (deep groove)

is formed by the laser beam, the groove sections and so

forth formed by the laser processing are preferably not

formed too large from the point of view of the time taken

in comparison with [processing by means of] a dicer and the

partial destruction caused by heating over a long period

and so forth

.

[0028] Moreover, with regard to the groove sections formed

in the semiconductor wafer by means of a dicer or similar,



the width of the groove sections is preferably 35 pm or less

and, more preferably, 30 pm or less from the perspective

of forming, with good mass-producibility , groove sections

of the desired size and shape and with favorable yield. The

groove sections are even more preferably 25 pm or less.

There are no particular restrictions on the lower limit [of

the width] . However, in cases where [the groove sections]

are formed by means of a dicer, when same are made too narrow,

there is a tendency according to which it is difficult to

form the groove sections narrow and deep because the blade

edge then makes little contact. Therefore, the width of

the groove sections is preferably 10 pm or more, more

preferably 15 pm or more, and even more preferably 20 pm

or more. Further, the groove-section depth also depends

on the thickness of the semiconductor wafer but is

preferably 3.7 pm or more, and more preferably 4.5 pm or

more for the sake of mass-producibility and to facilitate

division . This width is even more preferably 5.2 pm or more .

The upper limit is not especially restricted but is

desirably 100 pm or less in consideration of

mass-producibility. Similarly, the effect of the present

invention is particularly large because scribe lines that

contribute to splitting of the semiconductor wafer as per

Fig. 6 cannot be formed in the groove sections by means of

a diamond scriber in the range where the groove sections

have a width of 35 pm or less and a depth of 5.2 pm or more,



more preferably a width of 30 pm or less and a depth of 4 . 5

]im, and even more preferably a width of 25 pm or less and

a depth of 3.7 pm or more.

[0029] Further, methods for merely forming grooves in the

5 nitride semiconductor wafer include wet etching, dry

etching, processing by means of a dicer, diamond scriber,

or laser beam, and combinations thereof. However, a dicer

is preferably used in order to partially reduce the

thickness of a semiconductor wafer efficiently while

10 retaining a certain width. More particularly, when groove

sections are formed by using a dicer, there is a tendency

for a marked difference in the cleanness (smoothness) of

the edges when the semiconductor wafer is split into chip

shapes. That is, when a comparison is made between a case

15 where the semiconductor wafer is separated by using a laser

beam after forming groove sections by using a dicer and a

case where the semiconductor wafer is separated by means

of a diamond scriber after forming the groove sections by

using a dicer, there is a tendency for the separated edges

20 to be formed more cleanly when the recesses are formed by

means of the laser beam. There is sometimes a marked

discrepancy in this smoothness in the case of an optical

design in which a sapphire substrate constituting a

translucent insulation layer is used.

25 [0030] When a sapphire substrate laminated with a nitride

semiconductor is separated, the thickness of the thinnest

17



division section of the nitride semiconductor wafer is

preferably 100 „m or less in order to achieve cutting of

the cut edges with favorable mass-producibility . When the

thickness is 100 „m or less, chipping and so forth is small

and division can be performed relatively easily.

Furthermore, although there is no particular lower limit

for the substrate thickness, when the substrate is quite

thin, the semiconductor wafer itself splits readily and

mass-producibility is poor. The thickness is therefore

preferably 30 „m or more.

[0031] In cases where the nitride semiconductor layer

contains a thin film with a single quantum well structure,

multiquantum well structure, or similar, the nitride

semiconductor layer, which is irradiated with a laser beam

beforehand with the object of preventing damage to the

semiconductor junction and semiconductor layer caused by

laser radiation, can also be removed in advance by etching

or the like.

[0032] In the case of a nitride semiconductor wafer for a

light-emitting diode, the substrate normally has a

thickness from 200 to 500 „m, and a nitride semiconductor

layer with a pn junction has a thickness of several „m to

several tens of „m. Hence, most of the semiconductor wafer

is taken up by the thickness of the substrate. The

thickness of the substrate can be made thinner by polishing

in order to simplify the laser processing. This polishing

18



may be used to thin the semiconductor wafer after the

nitride semiconductor has been formed or the nitride

semiconductor can be formed on a substrate that has been

polished thin.

[0033] Further, it is thought that the nitride

semiconductor wafer irradiated with the laser beam becomes

the affected section along which the focal-point radiation

portion selectively flies or which is an assembly of

microscopic microcracks . Further, the break lines

according to the present invention may remove the surface

of the groove section in the semiconductor wafer or may form

an affected section further within the substrate than the

groove. In addition, the present invention may

laser-process the center of the total film thickness of the

semiconductor wafer in addition to the laser-processed

break lines that are formed near the groove sections.

[ 0034 ] (Laser beam machine) The laser beam machine employed

by the present invention may be one that is capable of

forming the groove sections which are to become the break

lines, affected sections , and so forth. More specifically,

a YAG laser, CO2 laser, excimer laser, or the like, is

suitably used. More particularly, the YAG laser is capable

of forming break lines with little thermal degradation.

Further, the CO2 laser exhibits superior cutting

performance because of the power same is able to provide.

[0035] The laser beam radiated by the laser beam machine



is one that permits a variety of adjustments to the focal

point as desired by means of a lens optical system or

similar. Therefore, recesses, affected sections, and so

forth, can be formed, without damaging the nitride

semiconductor, at an optional focal point on the

semiconductor wafer by means of laser radiation. Further,

the laser radiation surface can also be adjusted to the

desired shape such as a perfect circle shape, an elliptical

shape, or a rectangular shape by allowing [the laser beam]

passage through a filter, and so forth.

[0036] For the formation of break lines by means of a laser

beam machine, the laser radiation device itself may be

moved. Alternatively, the scribe lines can be formed by

scanning the radiated laser beam alone by means of a mirror

or the like. In addition, desired break lines can also be

formed by driving a stage that holds the semiconductor

wafer in a variety of ways such as up and down, from side

to side or through 90 degrees. It is understood that,

although this is described in detail in the embodiments of

the present invention hereinbelow, the present invention

is not limited to or by these embodiments alone.

[0037]

[Embodiment] (First Embodiment) A nitride semiconductor

wafer is formed by laminating a nitride semiconductor by

using MOCVD onto a substrate 101 of washed sapphire with

a thickness of 200 „m. The nitride semiconductor is



deposited as a multilayered film that is to serve as a

light-emitting element 110 following the splitting of the

substrate. First, a buffer layer with a thickness of about

200 angstroms is formed by allowing NH3 (ammonia) gas and

TMG (trimethyl gallium) gas , which are the source gases,

and hydrogen gas, which is the carrier gas, to flow at

510°C.

[0038] Next, after halting the introduction of"TMG gas, the

temperature of the reactor is set at 1050 °C and a GaN layer

with a working thickness of approximately 4 „m is formed

as an n-type contact layer by allowing NH3 (ammonia) gas,

TMG gas, SiH 4 (silane) gas, which is the dopant gas, and

hydrogen gas, which is the carrier gas to flow once again.

[0039] For the active layer, once, with the carrier gas

alone, the temperature of the reactor has been held at 800 °C,

an undoped InGaN layer approximately 3 nm thick is

deposited by allowing NH 3 (ammonia) gas, TMG gas, and TMI

(trimethyl indium), which are the source gases, and

hydrogen gas, which is the carrier gas, to flow.

[0040] In order to form the cladding layer on the active

layer, the introduction of source gases is halted and the

temperature of the reactor is held at 1050 °C, whereupon a

GaAIN layer that is approximately 0.1 „m thick is formed

as a p-type cladding layer by allowing NH 3 (ammonia) gas,

TMA (trimethyl aluminum) gas, and TMG gas, which are the

source gases, Cp2Mg (cyclopentadienylmagnesium) gas,



which is the dopant gas, and hydrogen gas, which is the

carrier gas, to flow.

[0041] Finally, the temperature of the reactor is held at

1050 °C, and a GaN layer that is approximately 0.5 „m thick

is formed as a p-type contact layer by allowing NH 3

(ammonia) gas, TMG gas, which are the source gases, Cp 2Mg

gas, which is the dopant gas, and hydrogen gas, which is

the carrier gas, to flow. (The p-type nitride

semiconductor layer is annealed at 400°C or more).

[0042] A semiconductor wafer, on which a plurality of

island-shaped nitride semiconductor layers is formed by

etching a semiconductor wafer until the surface of the

boundary with the sapphire substrate formed with groove

sections is exposed from the side of the nitride

semiconductor surface by means of RIE (Reactive Ion

Etching), is used. Further, a mask for exposure of pn

semiconductors during etching is formed and removed after

the etching process. Further, electrodes 120 are formed

on the pn semiconductor layers by sputtering (Fig. 1 (A) ) .

[0043] After polishing the sapphire substrate 101 of the

nitride semiconductor wafer 100 thus formed to 100 pm, the

semiconductor wafer 100 is secured by using a vacuum chuck

atop a table that is freely drivable in a horizontal

direction such that the sapphire substrate surface 111 of

the semiconductor wafer 100 lies at the top. Groove

sections 103 are made by forming, vertically and

22



horizontally, grooves approximately 30 Urn wide and

approximately 15 pm deep in the bottom surface of the

sapphire substrate 101 by moving the stage at a blade

rotational speed of 30,000 rpm and a cutting speed of 3

mm/sec. When viewed from the

sapphire-substrate-exposure-surface side 111 of the

nitride semiconductor wafer 100, the groove sections 103

are formed substantially in parallel with the etching

surface 130 and are formed to establish a size of

approximately 300 \im squared for the nitride semiconductor

elements to be formed subsequently (Fig. 1(B)).

[0044] Next, only the driver unit such as the blade edge

of the dicer is substituted for a YAG laser radiation device

capable of radiating a laser beam (356 nm) (not shown)

.

While the nitride semiconductor wafer 100 is still secured,

the laser optical system is adjusted so that the focal point

of the laser beam is on the bottom surface of the groove

section 103 in the nitride semiconductor wafer. By moving

the stage while radiating the adjusted laser beam at 16

J/cm2
, a recess 104, which is an additional groove

approximately 3 pm deep is formed as a break line along the

bottom surface of the groove section 103 (Fig 1 (C) )

.

[0045] The nitride semiconductor wafer 100 can be cut and

separated by allowing a load provided by a roller (not

shown) to act along the break lines. A nitride

semiconductor element in which there is no chipping and no

23



cracks in any of the edges of the separated nitride

semiconductor elements 110 can thus be formed (Fig. 1 (D) ) .

[0046] When the LED chips, which are nitride semiconductor

elements, are supplied with electrical power, all the LED

chips are capable of emitting light and barely any cracks

or chipping was produced in the cut edges of the LED chips .

The chipping that was produced was extremely small and the

yield was 98% or more.

[0047] Therefore, because the formation of the scribe lines

is' performed by means of a laser beam, unlike cases where

a diamond scriber is used, costs arising from variations

in the processing accuracy owing to wear and deterioration

of the cutter and from exchanging the blade edge can be

reduced. The fabrication yield can be raised and shape

variations reduced. More particularly, substitution can

be reduced and the number of semiconductor elements yielded

can be raised.

[0048] (Second Embodiment) Other than the fact that the

laser optical system is adjusted to increase the depth of

the focal point of the laser radiation device of the first

embodiment, the break lines are formed as per the first

embodiment. The break lines thus formed are formed as

affected sections within the substrate 201 although the

recesses are not formed in the groove sections 203 that are

to constitute the surface of the substrate 201 (Fig. 2 (C) ) .

[0049] Even when the formation of the break lines is in a



surface within the substrate 201 rather than in the bottom

surface of the groove sections 203, a yield substantially

the same as that for the LED chip of the first embodiment

can be formed.

[0050] (Third Embodiment) A nitride semiconductor wafer

300 is formed by laminating a nitride semiconductor by

using MOCVD onto a substrate 301 of washed sapphire with

a thickness of 150 \im. The nitride semiconductor is

deposited on the substrate as a multilayered film. First,

a buffer layer with a thickness of about 200 angstroms is

formed by allowing NH 3 (ammonia) gas and TMG (trimethyl

gallium) gas, which are the source gases, and hydrogen gas,

which is the carrier gas, to flow at 510°C.

[0051] Next, after halting the introduction of TMG gas, the

temperature of the reactor is set at 1050 °C and a GaN layer

with a working thickness of approximately 4 pm is formed

as an n-type contact layer by allowing NH 3 (ammonia) gas,

TMG gas, SiH 4 (silane) gas, which is the dopant gas, and

hydrogen gas, which is the carrier gas, to flow once again.

[0052] For the active layer, once, with the carrier gas

alone, the temperature of the reactor has been held at 800 °C,

an undoped InGaN layer approximately 3 nm thick is

deposited by allowing NH 3 (ammonia) gas, TMG gas, and TMI

(trimethyl indium), which are the source gases, and

hydrogen gas, which is the carrier gas, to flow.

[0053] In order to form the cladding layer on the active



layer, the introduction of the source gases is halted and

the temperature of the reactor is held at 1050 °C, whereupon

a GaAIN layer that is approximately 0.1pm thick is formed

as a p-type cladding layer by allowing NH 3 (ammonia) gas,

5 TMA (trimethyl aluminum) gas, and TMG gas, which are the

source gases, Cp2Mg (cyclopentadienylmagnesium) gas,

which is the dopant gas, and hydrogen gas, which is the

carrier gas, to flow.

[0054] Finally, the temperature of the reactor is held at

10 10'50 °C, and a GaN layer that is approximately 0 . 5 ]im thick

is formed as a p-type contact layer by allowing NH 3

(ammonia) gas, TMG gas, which are the source gases, Cp 2Mg

gas, which is the dopant gas, and hydrogen gas, which is

the carrier gas, to flow (Fig. 3 (A) ) . (The p-type nitride

15 semiconductor layer is annealed at 400°C or more)

.

The semiconductor wafer 300 thus formed is secured by

using a vacuum chuck atop a stage that is freely drivable

in a horizontal direction such that the surface 321 formed

with the nitride semiconductor lies at the top. Vertical

20 and horizontal groove sections 303 are formed by means of

a dicer (not shown) in the main surface of the semiconductor

wafer 300 from the nitride-semiconductor-deposition-layer

side 321 to the substrate 301 at a blade rotational speed

of 30,000 rpm and a cutting speed of 3 mm/sec. The groove

25 sections 303 formed by means of the dicer are is 25 pm wide

and formed so that the gap between the bottom surface of
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the groove section 303 and the

sapphire-substrate-exposure-surface side 311 not formed

with a nitride semiconductor is substantially uniform at

approximately 50 \im (Fig. 3 (B) ) .

5 [0055] Next, only the driver unit such as the blade edge

of the dicer is substituted for a YAG laser radiation device

capable of radiating a laser beam (356 nm) (not shown)

.

While the nitride semiconductor wafer 300 is still secured,

the laser optical system is adjusted so that the focal point

10 is on the bottom surface of the formed groove section 303.

By moving the stage while radiating the adjusted laser beam

at 16 J/cm2
, a recess 304 approximately 3 Urn deep is formed

as a break line along the groove section 303 (Fig 3 (C) ) .

[0056] The nitride semiconductor wafer 300 can be cut and

15 separated by allowing a load provided by a roller (not

shown) to act along the break lines. A nitride

semiconductor element in which there is substantially no

chipping or cracks in any of the edges of the separated

nitride semiconductor elements 310 can thus be formed (Fig.

20 3 (D) ) . Barely any cracks or chipping was produced in the

cut edges of the nitride semiconductor thus formed.

[0057] (Fourth Embodiment) The sapphire substrate 401 of

the semiconductor wafer 400 formed as per the first

embodiment is provided with a mirror finish by polishing

25 the sapphire substrate 401 further to 80 pm. The

semiconductor wafer 400 is fixedly placed on a stage (not
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shown) as per the third embodiment with the

nitride-semiconductor-deposition-layer side 421 lying at

the top (Fig 4 (A) ) .

[0058] In the fourth embodiment, groove sections 403

5 approximately 25 pm wide and approximately 10 pm deep are

formed from the

nitride-semiconductor-deposition-layer-surface side 421

by means of a dicer along the pre-etched etching surface

430 (Fig. 4 (B) )

.

10 [0059] Next, only the driver unit such as the blade edge

of the dicer is substituted for a YAG laser radiation device

(not shown) capable of radiating a laser beam (356 nm)

.

While the nitride semiconductor wafer 400 is still secured,

the laser optical system is adjusted so that the focal point

15 is on the bottom surface of the formed groove section 403.

By moving the stage while radiating the adjusted laser beam

at 16 J/cm2
, a recess 404 approximately 3 Urn deep is formed

as a break line along the groove section 403 (Fig 4 (C) ) .

[0060] The nitride semiconductor wafer 400 can be cut and

20 separated by allowing a load provided by a roller (not

shown) to act along the break lines. A nitride

semiconductor element 410 in which there is barely any

chipping or cracks in any of the separated edges can thus

be formed (Fig. 4(D)).

25 [0061] When the LED chips 410, which are the separated

nitride semiconductor elements, are made to conduct
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electricity, all the LED chips 410 are capable of emitting

light, and a check of the edges thereof reveals barely any

chipping or cracks. The yield was 98% or more.

[0062] (Fifth Embodiment) Except for the use of an excimer

laser instead of the YAG laser radiation of the first

embodiment, the semiconductor wafer is separated to form

LED chips as per the first embodiment. As per the first

embodiment, all the cut edges of the LED chips thus formed

are capable of light emission and have clean surfaces free

of chipping and cracks

.

[0063] (Comparative Example 1) Other than scribing being

repeated three times by means of a diamond scriber along

the groove sections rather than by laser processing, the

semiconductor wafer is separated as per the first

embodiment. The separated nitride semiconductor elements

of Comparative Example 1 exhibited partial cracks and

chipping. Further, the yield was approximately 75% due to

the formation of distorted scribe lines, as shown in Fig

7.

[0064]

[Effects of the Invention]

The present invention forms groove sections that

reach the substrate of the semiconductor wafer and forms

break lines in these groove sections by means of laser

radiation. Thus, highly accurate formation of break lines

not subject to processing variations is possible in



narrower and deep groove sections without bringing about

deterioration in the processing accuracy arising from

blade-edge wear and so forth, and nitride semiconductor

elements can be split along the break lines easily and

accurately. Hence, products of a uniform shape can be

provided and the product yield can be raised.

[0065] Further, processing costs, which arise from the

deterioration of the scriber cutter and from exchanging

same, as per the prior art, can be reduced by forming break

lines contactlessly in the semiconductor wafer by means of

laser radiation.

[0066] In addition, by forming groove sections that reach

the substrate from the semiconductor layer surface side in

the semiconductor wafer from which the nitride

semiconductor has been removed beforehand, a highly

reliable element can be fabricated without damage to the

semiconductor being caused by the formation of groove

sections

.

[0067] Groove sections narrower in width are made by

forming recesses on

nitride-semiconductor-deposition-layer- surface side by

means of laser radiation. Hence, the number of nitride

semiconductor elements yielded from the semiconductor

wafer can be raised.

[0068]

[Brief Description of the drawings]



[Fig. 1] Fig. 1 is a schematic partial cross-sectional view

of the semiconductor-wafer division method according to

the first embodiment of the present invention.

[0069]

[Fig. 2] Fig. 2 is a schematic partial cross-sectional view

of the semiconductor-wafer division method according to

the second embodiment of the present invention.

[0070]

[Fig. 3] Fig. 3 is a schematic partial cross-sectional view

of the semiconductor-wafer division method according to

the third embodiment of the present invention.

[0071]

[Fig. 4] Fig. 4 is a schematic partial cross-sectional view

of the semiconductor-wafer division method according to

the fourth embodiment of the present invention.

[0072]

[Fig. 5] Fig. 5 is a schematic partial cross-sectional view

of a nitride-semiconductor-wafer cutting method, which is

shown for the purpose of a comparison with the present

invention

.

[0073]

[Fig. 6] Fig. 6 is a schematic partial cross-sectional view

of when the nitride semiconductor wafer is cut by means of

a diamond scriber.

[0074]

[Fig. 7] Fig. 7 is a schematic partial planar view of



distortion that is produced during formation of scribe

lines in the nitride semiconductor wafer, which is shown

for the purpose of a comparison with the present invention.

[0075]

[Explanation of the reference symbols]

100 , 200, 300, 400, 700: semiconductor wafer

101, 201, 301, 401: substrate

102, 202, 402: island-shaped nitride semiconductors

103, 203, 303, 403: groove sections formed in the substrate

surface

104, 304, 404: break lines constituting recesses formed in

the bottom surface of the groove sections

204: break lines for the affected section formed within the

substrate

302: nitride semiconductor

110, 210, 310, 410: nitride semiconductor element

111, 311, 411: substrate exposure surface side

120, 220, 420: electrode

121, 321, 421: nitride semiconductor deposition layer side

130, 430: etching surface

500, 600: semiconductor wafer

501: substrate

502: nitride semiconductor layer

503, 603: groove sections formed in the sapphire substrate

504, 604: scribe lines formed in the bottom surface of the

groove sections



510: nitride semiconductor element

601: blade edge of the diamond scriber

703: scribe lines formed normally

704: scribe lines formed with distortion
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Translator 1 s Notes

1 . -*<i 9 n • ^ u y ^ in line 3 of [0033] should probably read

-vf • # *7 y 2 ('microcracks') and has been rendered as

such

.

2. > 9 xi*<l/9 \y^;V^r^fiy J* in line 5 of [0040] should

probably read n-^^^r^ aLz=./U^4f%> i/ty A and has been

rendered as such.



/ ?

<19)B*Bttttff (JP) 02) & ffl & f^P 3t W ^) (IDMMWWM
^3pi 1-177137

(43)2iHIB ¥l«ll¥(1999>7/!2B

(sninta.* mm^ F i

H 0 1 L 33/00 H 0 1 L 33/00 C

21/301 21/78 B

7 OL (:£ 9 H)

(21)fflH#^ fcBt¥9-345937 (7DIHHA 000226057

BMfcf*X!B*S;£a:

C22)fflHB 2FJ*9^0997)12B16B «S!&WlSflT-t (Pl*riffl491#«!100

(72)*W# amp W5C

IS&!ftRffi*±f»rW49I»*100 BSfc

(72)$691# Sffl

ffi&!&R«fli.Lf«ri89491#jftlOO B*4"b

©4) mwo&m &<k<b¥mftmm®mijm

(57) [Rft]

2) $nfc^ft: (100) ^-fb^

#^{*:^<oS!jt*j!feT'*>5o ^i**?^— (1

00mmi&U^2W£ffi£*rL'>&< tt^lfiB
MRUV:3m£2 CD±ffifflflroS«(101) trf»gB(103)

Sltt5Igi:> ftgR(103)lcyu-Y^ • 7-O-(104)SrU

04) K»oT¥*#*:*^-&#«i-4X6i:
^b^^«ff5H^<oSiat*j£-efc So

- 1
-



ftfflW- 11-17 7 13 7

i»*3Si ] a6saoi)±iza{t»*»*(io2)*s»j«*

ffim^fcV^^— (100) ill? 1 RUm 2 (D^ffi£W L

tgdoi) ^at«fs(io3) «:»rit-*-sxat

.

[tS*Jg2] mmm noil (i2i)ttSffi(ioi) ±(D-jj

(ioo)

sffiicfM $ ttfcDimis (104) -efc 3 it#*i i kie* $n

[»**4l fulfil - >-liS«(201)rtSBlw

tfm $ n*:jDxaewffl (204) -e s> 5 it 1 i-e* $n

v^rmm* if—*px«^5>a«sns^*< t

[if*rf 6 1 ftfEitSB (403) fi^ 1 OiffiUl"J (421) (D^htb

Kfi(40l)*s»ffl*nfc*ffil-JR^Six5BI*ti2^IE

[S»#Jg 7 ] WiEfltSB (103) 1 0 // mJSU: 3 5 n

mKK'fc^ il3iE«ffi (103)^88 Sri* 3. 7 /i miU_b

1 0 0 ju mKT-e*>SBI*« 1 KSEtt^^fc*****

[0 0 0 1 ]

[»?B©It5ft»»lf] *«Hll*»«^5)*fe*-e
«*^T1IB4«*^>f K-^u—If—^ K\ $ £>

fctti(ftU:*3i feKft^HB* 3-5 K*£*tt**<z>«

[00 0 2]

5»fc»*8M*: (In,Ga yAl H,N, O^X, 0

^Y. X + Y^l) &fflmi>ti*&i££zFfcm*ffl?&£

5o se>twttKja^iov^Ttss«att^ffi**o««w»

[0003] ntfeftif^**^**

s.GaP^MnGaAlAsft ifc^^Sftftt^^fBS

-Y IP-^V K* * 7 >f 7<— iw J: ^ y zfm^)

Kii-SWiwJ: K«*-C»is»

n^<J:oT^5/ht5^fT*fcSo GaP^GaAs
15 V<Wi:A/E»«lifi<0SSfitt:* —#BBtt^ 11 1 oj *ffi]

Cfc5o t<Dtzl£>^ rcOtiS^fUffiUTG a As, Ga
AlAs. Ga Pi^^^x/N-SrltttfliJffi*:

[00 0 4] U&>Lttas&* ^t^^^Sr^JfflL/c^
20 »fr3f^11* GaP, G a A 1 A s -^G a A s

jK±J-7I2j*£-£fcG a A s P. G a P^ I nG a A 1 A

fcfejrtt, MOCVDffi^HDVPEM^fflV^f7
25 r ^ T*?* if±Jw/< ^ r— Sr^ttM

30 [0 0 0 5] iP^r^r^^/u/jrif^arJisnsa

7 7 ^f 7SS6 if £ ttte^jeSPFSEris*:* <

35 iP^r^T, tftft*»#tt*^gto5|i

[0 0 0 6] Lfc^oT, tf^^T^^ Y***?*'*— <D

40 «^U J5»-r<«Rtw^0ISTT*#^^o^o ^tzi

^> fc o fc 0

[00 0 7] ^(Ofc^^bto^tt^^^^-ttgfa^)^
s/yririw^S"Ji-5*ffii: LT1$ffl¥8- 2 7 4 3 7 1

45 *ftifir|E«S*LTt^« ± 5(w^-r^r^e^ K^^9>f^<

Ir^So M?{$tifo—fflh L"C> H35 (A) ^e>El5 (D) r
^t**#ff*^S:»it-«"*n:eSr*i-0 i5 (A)

•tt, t7rYTStg5 0 l±Clft»^«»5 02^
50 «*nt*i#^-5 0 0t*t, BD5 (B) ttlP

- 2 -



ftmW- 11-17 7 13 7

yy^rmms 0 1 <DTS9lti*b&ti:m*UH*5 0 2C

»fiM-5XaS:*i-0 SI 5 (C) tt, aSlz^Vlr^ev

ig^^to in s (d) ji, ^^7^yig^i

r. <t 4 < Jfc«W»m^»rt-S - fc

[00 08]

Wiw»< S*fcflWB5 o 3fc»rt;U W5 0 3i:^
K^^7^^-^^7^y • 7^^504 Sr^

[0 0 0 9] gp-fe, ii*^>fir— *>P]flfc«,fc «9 hV^-Y

CO#D<, ^t^>K^^7^^-(7)^6 0

#r>^N-5 O OKBMfcSftfcJMBS O 3<£>lSffil::Jia>

^W 0 4/^/&£;tx5Mft^fc ;5o w*LS>S:E£lh1-5

l^t^Vt^y K** s<—<D3}9c&mU 5 0 3 CO

««:lE<"*-5iMWSfc*. »»5 O 3tfSj£<#5<t^ll

[0 0 10] ft*. »a>«*»K Lfc«^tt?D5terfS«<E>

[ooii] xQ'b^^mfcw^m&m^&jEmizmm
it j: < ^ t *sa*n*^ a *-ci±-bB«j

[0 0 12] lf:^oT, **Wtt3ttfc*¥W**^
-Sri O/hSt^y^ttl^W-rs^BRU «J»rffi<E>*

[0 0 13]
[BWSrW8t-r5fc«>^*«] **Wtt. SSlOil
i:i<tw*fti 0 2d«jKfiSsnfc^w*9j./N— 1 0

05 0 1 1 oiz^fRj-t-aafttt****

1 Jktf»2^ffi**L'>4< t t)S 1 <D£ffifflRUV

XiiSl 2 <o±®{PJjcoS1£ 1 o 1 KiJffflS 1 o 3 &Bf£-rz>

ifii, Htm 0 3«zyu>f ^ - 7^yi 0 4^u— if'

i:fiot*t*?x/x-iriMlt5lit SrW^S^ffc

[0014] #389!tf>§tl 2 lwlE«S*vfcaftW*«
ff*^-^«Jg*ffiH:. JB 1 1 2 1 tfSgtK 1011

i o o o»t4»***«««ye*> 0 > i2^iii i i

[0 0 15] *«M^W*«3lZ|E*Snfc»fcW^*
20 (fcSH^Kig^ffil** • 9>f ^StS 1 0 1 CO

*«ftffiK»rtSftfcWI« 1 0 4 -c*>s.

[0016] *&m<on*«4 tw!E«csnfc»t4»**

fflK:»fifcSftfcj»x*«8B2 0 4tfe5 e

25 [ooi7] ^mcom^msiztm^ntzmim^m

30 [0 0 18] *3BW^W*«6^|2*Snfc^b«J**
tf^tOMifi^jfett. «g|U 0 3 ttJB 1 60^®fRJj4 2 1

coasts 4 o i ^rttis*tfc*ffii-«f*a5nfct>^>"e

^P^KiS^ifett, Ml 0 3^tS^l 0/zma±3 5/i

35 m^TTfcD, fSSPl 0 3<Dm$fr3. 7 » m^± 1 0

0 ^mKTtfeSo
[0 0 19]

40 fO^SBlftwi—if-SrRHIti-ar. ttrj: 9,

ttS:*«t5C 1 4 < *Stt^finfc»t«5^Wff*^

[0 0 2 0] *«W^*ffiJ-J:*»BtiBffi* 5^^^^
45 >f yCiSotWMSnsiSli^-eiifti^it

[0 0 2 1 ] gn^, ^t-wn^K^^7^/<
50 -*WwJ:9««tt*wHiJ9tfeixfc»»tt* *<»mW&

- 3 -



ftmW- 11-17 7 13 7

xmn&uftizi>jz<m^tmm£itz> Q tntzib, m
tm^mz^^^r^^ yx* x-&m$itz>

[0 0 2 2] ^Wtey^^-^XVttZtzftnftJjlZ
{&&-tz> z.tK< ^=7^^-\z x k> &m\zm

izm^mv&Mf&Z'&Zo ^(Dm^x v

• 7>r >-*u—^—mtttiz£<9ftm-tZ)Z.tx\ m$>x

[0 0 2 3] ^i|^^x/^i:tt, LD (laser diod

e) tt£%mf&<Dmkm*m>itm&xto*;i'mfa±.\zm

5/77-its nSGaNO^^ni, niAlGa
N(D^^^Kg, n!GaN(7)WKI, S i S: K—
ytl n(7>»**^t5^^S*^#F*ig4:*S I

nGaNOffitti, pSA 1 G a N(0^rt '7^1,

GaN^WKl, plA!GaN^7yKIRt;
plG a N^)=^ ^ M^aiSntV^o w<£>^»

9 j7x/N-*ffiici»Sr||l*|:«rt S-fri, CO

[ 0 0 2 4 J (£te4fc¥*#?^^-)
s/^iLtii, mm±\zmim*mi£m&mi&£iitz

Aft am* <d h<o&mf bns^iiitJ: < JB*i4*>ft

^ *v*;\smmt£¥tmmzm\<^biiz>o ^^r^r

[0 0 2 5] £te4ft>^gffc ( I n XG a YA 1 ,.HN,

O^X. O^Y, X+Y^l) IIMOCVDS^HVP

($i:PNf^, p I NSS£\ MisS^MSts:
fctzJ:9*Wfls:3lW-i:L-C*iJ«i-5wi^-e#5 0

^#F«t^-rs ^ t hxz s 0

[0 0 2 6] SHU****!*'^ K^r> y ^ItttW*

[0027] S«tf>Jf:$ t itii u~if-*DX«co*nx
fsg^^iwj: o m*m$i-tz> z. t tfxzzfc u~if-

450>«*a»e> u~If—*DXJc:«t 3«ffl5* 4TS:

[0 0 2 8] Sfc, y>fif-*iftcj: 9^**9^^—

Xlr*BttA<»riE-r««jft^e>«»^«tf3 5 // mJ£JL

T*S»*U< 3 0 u my~Fri s <k9£r* Mi^^^L
< ft 2 5 mHT"C*5o TPfit-oV^Ttt1#tC*!||5RJi/i

\,^y4v-xftm-rz>m&. ua^si:*)

fc^o Lfc^0 -r, 10/imWl»iL<, 15/zm
«±^«t«9ff*LV^0 $?>tC, ^L<ii2 0//m^l

30 ct«9»^L<ii4. 5 mnU±X3bZ> 0 JEi^^F^

t\ «8B2J5ffi3 5//mWTaiS 5. 2 mJ^

±, J: «9ff^ L< (i*I3 0 Ai mJ£JlT^£ 4. 5/ira, I
35 lZfr-§ii,<tet®2 5 ^mWTS$ 3. 7 // m^±^i5H

iz*5t ^-c^^-fir^-v k^^ 94 '<—xnmuizmG<o
tx\<^m^^^—<o^mz^irh^^94^' =7^

40 [0 0 2 9] Jllfl:»*»*^^^-^Hl^»K:»

^>f1f— , ^t^vK^^7>f^^u-f
-<^*DX $ £>C 11w tb bom^it ± «9 Jl^^i-4 w <t ^

^>fif-S:fflv^-C»«S:«flRS-&fc«^u-lf-Sr

50 fflt^T^Wflc^^-fc^WLfctcoi. y-Tf— Srffl

- 4 -



ftmW- 11-17 7 13 7

«t t) fc<E> i: £^ft-PftJfc(£i-5 £ U—if— tc

«t 9 IHSBS:«fi8; t ^*rf s#«*ffiri s»Ml^J*

[0 0 3 0] Iftft^W^i 7 r >f7SS

0 0/xmJ^T^U\ 1 0 0 MmKTfftfy^

[00 3 1 ] ^ib^^tt:S^ 5#-*^#F«^^fi

^ft»*t5i t t>x$z> 0

[0 0 3 2] *36^>f3j— K/Bfl>»fc»****^^--

^j&5g«<aff^r&fcbft5r t45 0 u—if— tw

[00 3 3] &*3, u—lf-*SBBIt*ixfca[<fc«b*i»flc

v\ se>tw, **w«±««iS«^»*snfcU"-if—in

[0 0 3 4] (U—if—JPX«) **WfcfljV*e>ftSU'

-if—jjoxrat itit • ^^^scog^

trii, YAG U—If— > C0 2
U—if—^xdf^v . u

—1f-ftif^»iStzfflv^n5o YAG i—if—

-et ^ tf>^Hffmn i:*n5.
[0 0 3 5] if—Jox^ioTSSM^ftSu—If

-tt uyX4 k'oyt^mz X V SSI: «t 9 KARA*:

Lfc^oT, !f—Httttfc

ds-e#5„ U-—if—<D&Mm~±s ?<<^5—*m

[0 0 3 6] i/-f-aH!:«t5^K^'7'f^

St £ ft 5 i—if

—

<Dfy ^ 5—* i?X*j£& L TffM £ i£3

:ttT*5o ^»<**^— StSf*"*"**

[0 0 3 7]

[**£#!] (UlSMl) SS2 0 0/imT*fcDft»$n
feif7r>f TSrStRl 0 1 t LTMOC VDj£S:fiJffl L

a^*«»H:*««:»*bfc*»c***^ 1

1 0 ttffi< <t o^mmt L-CfiKRSit^io *i\ 5

tmg (h^f/^u^A) ^s^t yr^/

20 *Tfc«^*#**8IEi"wi:i::J; 9J¥£**J2 o

[0 0 3 8] iWC TMG#;*<^A£lti6*Lf&, Rj£

mWi<OU&%: 1 0 5 O^Z^flf£>*NH 3 lTi^e=-

T) TMG^, K-^yh^tltSiH 4

25 (5/7>0 =^r -f y TJf^t LT7K^^^§rSEi"w

[0 0 3 9] fi. —a, ^r-v y TX^CDZhb £it

30 NH 3
(T>-^e^T) ^f^, TMG^, TM I {hi)

tlzX Vm^ms nmOryK-/ I nGaNi

[0 0 4 0] ffittS±t-^7 y KSSr^Sit^fc^J®
35 W^^«ASrf»JhbSJCS3S«^>«ilES: 1 0 5 Oti:S

TMA ( h y >f/U7^^^^^) TMG^,
K-/^h^^tTCp 2Mg n^^^v^^/u

40 8itbpS!^7y KJBi: LT/5S*lJ0. 1/imWGaAl

[00 4 1 ] RJC3Sa^jft«S: 1 0 5 Otl:i
flLW^^LTNHs (T>-^^r) TMG

K-/<yh^i; LtCp 2Mg^W^rt!)

ft«****tt4 0 OT:JbJl±T'T^-/u^SLTfo

) o

[0 0 4 2] RIE (Reactive Ion

so Etching) izx^xmtw^m&mmmfrbmMmm
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$ fta -fr 7 r r«« i: *>#JH5*«HHi-3 s y^

Tfc^o pn#**#|i:tt, tSl20^
^^yy^siaDM^ntv^ ibi (a) ) 0

[00 4 3] LT»ril*n*:»k*#*flc^3i/N-
1 0 0 <Di)-~7 t -Y TSS 101*100// m*"efflSL

fcfl^ ^^i/N-l 0 0^)t77^7lfiffil 1 1

0 , 0 0 0 r p rru $JISri&£ 3 mm/ sec "T?;*-r—

103d: £it3 Q ffgB 1 0 3 tt,

1 o ocDi^^r-rr^^taffiffiy 1 1 l^istiy
fy^Ii 3 o <hBSWri:M$Wfc ^)

7£/£$irrfc5 (0i (b)) 0

[0044] W:, ^>f OJJ*4iTKtb(BO*u—
IF— (3 5 6 nm) ^S»«fSTtB*YA G if—J&tt^

StAnWtt o Sft**»#^-10

i o 3jKffilc*gtf4x5 «t 9 — iF— (D3fc

^SrW«S*-fr5o Bl«bfcu—ff—JtjftSrl 6J/c
m 2X*m%i £ it ft^ h * - "J £rmh £ it5 - t \Z «t «9

flfSBl 0 3<OJEffitC»oTaiS^3 /xm^SE*^*^ L

1 (C) ) o

[004 5] Vl^oT. a— -y— (^F

SR^-1 1 0 (?)*Sf^ ^fntf ^ t'y 7 ^ ^ w/^

^afttt^ffr^Sr^ts r t t# 5 (mi

(D) ) o

[00 4 6] Zl LTMSnfciftft****?^*
5 LEDfyyCl^W Lfc ^i*ft t^Tfe^T

[0047] cn^ct^. 7^y^M$ri/

[00 4 8] (Hffiffll 2 ) |gffi0lj 1 <0 —««*«

ffi2 o i ftmzmjL^Knt Lti^sntv^ (in

2

05 (C) ) .

[004 9] ^W^*7^ V(DffM£:flfgl5 2 0 3 JSS

T*ft<S1g2 0 1 rta5i^fiR$HtT4>lll8ff]l COL ED

[00 50] (HJ6CT3) 15$ 150/1 mt^^it$
10 hfct77^7SrSS3 0 1 t LTMOC VDftSrfilffl

^g$^Co S1\ 5 10tl3l^^<i:LTN
H 3 (T>-^e~T) tmg (hy^^utfy*

X Vm£$}2 0 0^-V^ hP"A^77r-i^

[00 5 1 ] Jklw, TMG^^<OgEASrlh*fc«, S/£
ig^cor£jg£ 105 ortz^tffir/NHs (7^^

20 T) TMGifX, K-^h^i:LTS iH 4

(v^V) V Ttf* t L-C*3R^Srflci-C

DnS^y^^ h®£ LTfiKJ¥$^4 /i mCOG
a Nil i£fc0

[0052] gttitt, —a, **yr#;*a>*i:;*-ta:

25 aESS6«o«««:8 0 O'CfcfiHSUfe. H»^i tt
NH 3 (TV^-^T) TMG^, TM I (hy

SEi-r <htr J: D1¥$3KJ3 nmW7yK-y I n G a N/f

30 [0 0 5 3] l£teJg±\Z?7 y Kgfr^S^itSfctf)/©

m#x(DffiA%W±l,&JZ^m<oi&lg%: l 0 5 0°C^{£

TMA (h^Wyu^^A) TMG^,
K-/<yh^i;LtCp 2Mg (y^D^y^ C/^/U

35 -e^S/^A) ^M^t^^tLT,
SKLpS^75/ Kg<b LTf^0. 1 /zm^Ga A 1

[00 5 4] SJSSSE^ffiSSr 1 o 5 Ot:^
WpL/gW^^t unh 3

(ry^e^T) tmg
40 K—^> h^^<t UTC p 2MgW^t y

ZffiO. 5 /z m<DG a N^^ffM^itfc (BI3

(A) ) o «C*5, pSfftW^ili4 0 0t«±
t7=-/i/j6iltfc5 fl )

45 *riE**fc*«*f>^-3 o o tmtto*m»&miSL
Slxfc*ffi3 2 1 SriizLTTk^lSiiwgi^HiPlfiBTi

— (^tfHJ) C J: 5^1/- KlHltetSc3 0, 000 rp
m. «I»r3iS3mm/s e c -C»M»¥*fl««ffi« 3

50 2 1 7&>?>StR3 0 1 4-e*#*i>^N— 3 0 OCO^Str
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ixfcfltgB 3 O 3 14, i25// mt'fc 9 fJSSB 3 0 3 C7)jgffi

K»fig£*S (1213 (B) ) o

[00 5 5]*:, ^>f1^-^^it*iflB»SBO*u-
If— (3 5 6 nm) ^BRW^TttftYAG U—!f—flRJ«Jt

SbfcU—!f—36«*rl 6 J/cm'tfliMtS***?)
^^-^Sr^ifj^itsr ^t:J:«9^a5 3 0 3!;fpSti
$*$3 /zmCDHflgB3 04^W^ • v-T^t
i-5 (H3 (C) ) 0

[0 0 5 6] yW ^ . 7^y(:fioT x — (^F

(EI 3 (D) ) o :5lt»*ShfciW»#offl

[0057] mmm4) jot«i tRWwcbT»*s
itfc^zgtt*^^— 4 0 Ocoif^r-f T^*g4 01^^

4 00«^**mN4 2 1 *Jb

(04 (A) ) 0

[0 0 5 8] |l*«4^*3V^-Ctt^«>3iy^^^$nfc

fr^ffiflJ4 2 l^e>*S^J2 5 Si^^l 0 ju

»8B4 0 3 -fri (04 (B) ) 0

[0 0 5 9] gcir. ^V^-^^^^^Sgtb^^^u-
if— (3 5 6 nm) frMM^m^YA G If—JB*MS

0 <^[S/Ete*i£f¥ Lfc !f—<D#^S5 SrWIffi tt»

®j Lfc l—if-^*- 1 6 J/c m2t*BRWS*4^ b
^Sr»»Sit5^ 9«8B4 0 3(:fDSTi

$^J3 MmOH£Igl5 4 04^W^ • LTM
i-5 (04 (C) ) o

[0 0 6 0] y u-r ^ . yi:fDvot, 0-9— (^

ooM»^m:^m^o ^Bt$nfc4«a5i4t^

1 0SrMt5Ci:^#§ (0 4 (D) ) 0

[0061] ftmztitimm^mfcm^X'tbZLED

[0 0 6 2] mt&M5) HS£0!l 1 COYAG l—if

—

(D

05 -7&m&£-&tz 0 ni&Mitmm, Msn^LEDf

[00 6 3] (Jt(S« 1 ) u—ifHbnx<z>ftfc t)

i:ffiot *V i^e > H ^ * 9 >f X <9 B K> M L 3 H

7 5%#S!)T^ot
15 [00 6 4]

fSgPSrffMU if—HUtl-

• 9>f ^S:«*i-S 0 ^tb^J; 19 2MteJB*S«flc J:SiJDX

20 v^^isir. Anx^^^fcisSftao:/w ^ • 9>f

25 [00 6 51 if—JHttKJ; 5¥*#5^»^-

[0066] ^aiflcaffiiB^festEJwai-s*

[00 6 7] ^b»^*«cBI«ffifBy^DflSBS: i^—RS

[0 0 6 8]

[01] Hltt«W^*lli«l(-*5ltS*»#^it^
40 -^i*ffi^^ttgS^ttffii-C*^ 0

[0 0 6 9]

[0 2] B2fi**^^ffiCT2«ZioJt5^{t:9^^

[00 7 0]

45 [0 3] H3H**WO|M«3Kj3ftft*ii#^3i^

[00 7 1 ]

[041 |gl4tt**^^lteW4lri3«tS**ff»>3ixN

50 [0 0 7 2]
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[0 5] m5\tt&Wkit&<Dtcfr\z^1rmk& it^i£

[0 0 7 3]

[0 6] i 6 (itftfe*^* ^x/n-^^ t^

^

[0 0 7 4]

[0 0 7 5]

[ffWRWl
10 0, 2 0 0,

101, 201. 301.
102, 202. 402
103, 203. 303,

104, 304, 404

300, 400, 700

4 0 1 • • •

4 0 3- • • S^Sffil-TFM

15

2 0

>f *

3 0

1 1

1 1

1 2

1 2

1 3

5 0

5 0

5 0

5 0

5 0

9-<

5 1

6 0

7 0

7 O

4 • • • *Srt»iz»rtLfcJmxKll«czJ:S^u

2 • • •

0, 210, 310, 410 - • • *ffc4**W(fr*

1 ,

0,

1 ,

0 ,

0,

1 •

2 •

3,

4,

0 •

1 •

3 •

4

3 1 1 , 4 1 1 • • • iEfiSttlSffi

2 2 0, 4 2 0- • • ffi^

3 2 i , 4 2 i • • • toitto^mtmrntn

4 3 0 • ^-y^V^ffi

6 0 0- • • ^Wifc^^—

6 0 3 • • -t7r^rSSi3SLfc»a
6 0 4 • • «»jKBBK»J*Lfc:**9>f^

•

[0i ] [02]

2 0 0 > 2 0 I

\2 0 2
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